Cdc25 regulates the phosphorylation and activity of the Xenopus cdk2 protein kinase complex.
The Xenopus cdk2 gene encodes a 32-kDa protein kinase with sequence similarity to the 34-kDa product of the cdc2 gene. Previous studies have shown that the kinase activity of the protein product of the cdk2 gene oscillates in the Xenopus embryonic cell cycle with a high in M-phase and a low in interphase. In the present study cdk2 was found not to be associated with any newly synthesized proteins during the cell cycle, but the enzyme did undergo periodic changes in phosphorylation. Upon exit from metaphase, cdk2 became increasingly phosphorylated on both tyrosine and serine residues, and labeling on these residues increased progressively until entry into mitosis, when tyrosine residues were markedly dephosphorylated. Phosphopeptide mapping of cdk2 demonstrated the major sites of phosphorylation were in a phosphopeptide with a pI of 3.7 that contained both phosphoserine and phosphotyrosine. This phosphopeptide accumulated in egg extracts blocked in S-phase with aphidicolin and was not evident in cdc2 immunoprecipitated under the same conditions. Under the same conditions cdc2 was phosphorylated primarily on a phosphopeptide containing both phosphothreonine and phosphotyrosine residues, most likely threonine 14 and tyrosine 15. Affinity-purified human GST-cdc25 was able to dephosphorylate and activate cdk2 isolated from interphase cells. Phosphopeptide mapping demonstrated that the phosphate was specifically removed from the same phosphopeptide identified as the major in vivo site of phosphorylation. These results demonstrate that cdk2 is regulated in the cell cycle by phosphorylation and dephosphorylation on both serine and tyrosine residues. Moreover, the increased phosphorylation of cdk2 in aphidicolin-blocked extracts and the ability of cdc25 to mediate cdk2 dephosphorylation in vitro suggest the possibility that cdk2 is part of the mechanism ensuring mitosis is not initiated until completion of DNA replication. It also implies cdc25 may have other functions in addition to the regulation of cdc2 kinase activity.